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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a IH-V compound semiconductor having high 
luminance and light emitting performance and a light emitting element of a visible or 
ultraviolet region using the same. 

SOLUTION: A semiconductor element of a laminated structure that a light emitting 
layer 5 is sandwiched between two layers 4 and 6 having larger band gaps than that of 
the layer 5 and further the outside is sandwiched between an n-type layer 3 and a P- 
type layer 7 of III— V compound semiconductor represented by the general formula 
InxGayAlzN (where x+y+z=1, 0<x<1, 0<y<1, 0.002<z<0.10). This is laminated on a 
substrate 1 via a buffer layer 2 to form a light emitting element. 
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[Claim(s)] 

[Claim 1] In the 3-5 group compound semiconductor for light emitting devices 
containing the laminated structure which two layers to which it has the layer of p 
mold and the layer of n mold, and a luminous layer is arranged among both 
layers, and has a bigger band gap than a luminous layer on both sides of a 
luminous layer come to touch The layer of these p molds is the 3-5 group 
compound semiconductor expressed with a general formula (however, x+y+z-1 , 
0<=x<=1, 0<=y<=1, 0.0001<=z<=0.10) Inx Gay Alz N. And the 3-5 group 
compound semiconductor for light emitting devices characterized by coming to 
dope p mold dopant. 

[Claim 2] The 3-5 group compound semiconductor for light emitting devices 
according to claim 1 with which the layer of p mold consists of two or more layers, 
and the layer nearest to the layer of n mold among these two or more layers is 
characterized by being the 3-5 group compound semiconductor expressed with 
a general formula (however, x+y+z=1, 0<=x<=1, 0<=y<=1, 0.0001 <=z<=0. 10) 
Inx Gay Alz N. 

[Claim 3] The 3-5 group compound semiconductor for light emitting devices 
according to claim 1 or 2 with which thickness of a luminous layer is 
characterized by 5A or more being 500A or less. 

[Claim 4] The 3-5 group compound semiconductor for light emitting devices 
according to claim 1, 2, or 3 characterized by each concentration of each 
element of Si, germanium, Mg, Zn, and Cd which are contained in a luminous 
layer being three or less [ 1x1 01 9cm - ]. 

[Claim 5] The light emitting device characterized by using the 3-5 group 
compound semiconductor for light emitting devices according to claim 1 , 2, 3, or 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the light emitting device in visible 
or an ultraviolet-rays field which used a 3-5 group compound semiconductor and 
this. 
[0002] 

[Description of the Prior Art] The thing using the 3-5 group compound 
semiconductor conventionally expressed with a general formula (however, 
x+y+z=1 , 0<=x<=1 , 0<=y<=1 , 0<=z<=1) Inx Gay Alz N as blue light emitting 
diode (it may be hereafter described as LED) is used. Since this compound 
semiconductor is a direct transition mold, its luminous efficiency is useful as a 
charge of short wavelength light emitting device material especially from the 
ability to emit [ a high thing and ] light on the wavelength from yellow to purple 
and an ultraviolet-rays field by the InN mixed-crystal ratio (x values). 
[0003] Using the structure where two layers which a luminous layer is arranged 
between the semi-conductor layers bf p mold and n mold, and have a bigger 
energy gap than a luminous layer on both sides of a luminous layer as an 

approach of raising the luminous efficiency of a light emitting device come to 

touch, and the so-called double hetero structure is known widely. The engine 
performance of the component of double hetero structure is influenced [ big ] by 
the electrical characteristics and crystal quality of p mold and n type layer. 
Especially the compound semiconductor of p mold must dope p mold dopant to 
about [ 1019cm - ] 3 and the high concentration beyond it, in order to obtain 
three or more [ 1018cm - ] high p mold carrier concentration practically needed 
for a light emitting device, since the rate of activation of p mold dopant is low. 
However, there was a case where deterioration of crystal quality was caused, by 
performing such a high concentration dope. Moreover, since 2 group elements 
which are p mold dopants generally used to this compound semiconductor, such 
as Mg and Zn, had the strong inclination diffused in a crystal and the raw 
material of these dopants had high reactivity with growth equipment, it was 
difficult to form the steep doping profile in a junction interface. According to these 
causes, there was a problem that it was difficult to produce a light emitting 
device with high luminous efficiency using this compound semiconductor. 
[0004] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is in the 
thing which used the 3-5 group compound semiconductor and this which can 
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raise the brightness of a light emitting device, and luminous efficiency and for 
which visible or the light emitting device in an ultraviolet-rays field is offered. 
[0005] 

[Means for Solving the Problem] When this invention persons saw these 
problems and the p mold 3-5 group compound semiconductor layer of a specific 
AIN mixed-crystal ratio was variously used about the light emitting device using a 
3-5 group compound semiconductor as a result of examination, they found out 
that brightness and luminous efficiency improved and resulted in this invention. 
[0006] Namely, this invention has the layer of [1] p mold, and the layer of n mold, 
and a luminous layer is arranged among both layers. In the 3-5 group compound 
semiconductor for light emitting devices containing the laminated structure to 
which two layers which have a bigger band gap than a luminous layer come to 
touch the both sides of a luminous layer The layer of these p molds is the 3-5 
group compound semiconductor expressed with a general formula (however, 
x+y+z=1, 0<=x<=1, 0<=y<=1, 0.0001 <=z<=0. 10) Inx Gay Alz N. And the 3-5 
group compound semiconductor for light emitting devices characterized by 
coming to dope p mold dopant is started. Moreover, the layer of p mold consists 
of two or more layers, and this invention requires the layer nearest to the layer of 
n mold among these two or more layers for the 3-5 group compound 
semiconductor for light emitting devices given in [2] [1] characterized by being 
the 3-5 group compound semiconductor expressed with a general formula 
(however, x+y+z=1, 0<=x<=1, 0<=y<=1, 0.0001 <=z<=0. 10) Inx Gay Alz N. 
Furthermore, this invention is [3] above [1] or [2]. The light emitting device 
characterized by using the 3-5 group compound semiconductor for light emitting 
devices of a publication is started. Hereafter, this invention is explained to a 
detail. 
[0007] 

[Embodiment of the Invention] as the manufacture approach of a 3-5 group 
compound semiconductor - molecular beam epitaxy (it may be hereafter 
described as MBE) - law and organic metal vapor growth (it may be hereafter 
described as MOVPE) - law and hydride vapor growth (it may be hereafter 
described as HVPE) - law etc. is used. Among these, the MOVPE method is an 
approach of heating the substrate placed during ordinary pressure or reduced 
pressure, supplying the organometallic compound containing 3 group element, 
and the raw material containing 5 group element in the state of a gaseous phase, 
carrying out a pyrolysis reaction on a substrate, and growing up the compound 
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semiconductor film. This MOVPE method is useful at the point that it is a large 
area and -his uniform and quality 3-5 group compound sem,conduotor can be 

S The following raw materials can be used for manufacture of the « i group 
« impound semiconductor for light emitting devices of ft. rnventton by the 
MOVPE method. As 3 group raw materials, it may be descnb« as 
LethylgalHum l(CH3)3 Ga and Following TMGJ It may be descnbed as 
r*Zmum l(C two H5)3 Ga and Following TEG.] It may be descnbed as 

Sg« 

H5)3 aluminum expressed with general formula R1 R2 R3 G. <P-1 . . R3 
sh ow a low-grade alkyl group here.) o, », and Fo^r* TEAJ It may be 
described as trialkylaluminium; trimethylam.ne ARAN t(CH3) 3 ™. 

^alinum ^^«» — -^^SSS 

and 1-dimethylhydrazine. 1 , 2-dimethylhydrazine, tert butylamme. 
etttyllnediamL etc. are mentioned, these are independent - or * ,s mrxed and 
used Among these raw materials, since ammonia and a hydrazine do not 
contain a camon atom in a mdecule. contamination of the carbon to the ,ns,de o, 

a semi-conductor is suitable for ■»»■ few. semiconductor, 
mn 101 As a d mold dopant used for this 3-5 group compounu 

altho gn M g Cd, Zn, Hg. Be, etc. are mentioned, in this, M g which ,s easy to 
bind me compound semiconductor of p mold of low resistance ,s des.rab,^ 
ance the organometallic compound expressed with general formula RC five 
hZ Ms (R shows hydrogen or a with an or more 1 carbon number [ or less 4 , 
tow grade alky! group here.), such as bis(cyclopentadienyl) magnesrum, 
rmeCc do entadienyl magnesium, b ,s-ethylcyclopen,adieny, magnes.um, 
brsIpXloyclopentadieny, magnesium, and b,s-i-propylcyc,opentad,eny 
magnelm, has suitable vapor pressure as a raw materia, of M g dopant, ,t ,s 



used suitably. for Ws 3 . 5 



JP-09-64419 5/11 

semiconductor of n mold of low resistance, and what has high raw material purity 
is obtained in this is desirable. As a raw material of Si dopant, a silane (SiH4), a 
disilane (Si two H6), etc. are used. As a substrate for crystal growth, although 
sapphire, ZnO, GaAs, Si and SiC, a spinel (MgAI 204), NGO (NdGa03), etc. are 
desirable, since a crystal especially with silicon on sapphire good at 
transparence and a large area is obtained, it is desirable. 
[0012] The example of the layer structure of the 3-5 group compound 
semiconductor for light emitting devices of this invention is shown in drawing 1 . 
Hereafter, it explains using drawing 1 . The laminated structures of the 3-5 group 
compound semiconductor for light emitting devices of this invention are the 
structure where two layers to which it has the layer 3 of n mold and the layer 7 of 
p mold, and a luminous layer 5 is arranged among both layers, and has a bigger 
band gap than a luminous layer on both sides of a luminous layer come to touch, 
and the so-called double hetero structure. Since it has the effectiveness which 
confines an impregnation charge in a luminous layer, and double hetero 
structure can make luminous efficiency high, it is useful. 
[0013] In this invention, the layer 7 of p mold is the 3-5 group compound 
semiconductor expressed with a general formula (however, x+y+z=1, 0<=x<=1, 
0<=y<=l, 0.0001 <=z<=0. 10) Inx Gay Alz N, and it is characterized by coming to 
dope p mold dopant. Thereby, the brightness and luminous efficiency of a light 
emitting device can be raised. This is considered to be because for the steep 
doping profile in a junction interface to be obtained by putting AIN into a 
mixed-crystal component, and considering as specific low concentration. In 
addition, in the 3-5 group compound semiconductor expressed with a general 
formula (however, x+y+z=1, 0<=x<=1, 0<=y<=1, 0.0001<=z<=0.10) Inx Gay Alz 
N, an AIN mixed-crystal ratio may describe that it is 0.0001 <=z<=0. 10 as 10% or 
less 0.01% or more. The expression of an InN mixed-crystal ratio and a GaN 
mixed-crystal ratio may describe the value of x and y similarly, respectively. 
[0014] An AIN mixed-crystal ratio is 3% or less 0.1% or more 5% or less 0.05% 
or more still more preferably preferably. An AIN mixed-crystal ratio cannot fully 
acquire effectiveness of this invention at less than 0.01 %. Moreover, if an AIN 
mixed-crystal ratio exceeds 10%, since it will become difficult for a band gap to 
become large and to obtain p mold crystal of high carrier concentration, it is not 
desirable. In the 3-5 group compound semiconductor for light emitting devices of 
this invention, in order to make grid mismatching with a substrate 1 ease, the 
buffer layer 2 is grown up first, then, the layer 3 of n mold is usually grown up 
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from the ease of growth, and it is desirable a luminous layer 5 and to grow up p 
type layer 7 to be the upper part above a luminous layer further. As fundamental 
structure of LED, although 7 of n type layer 3, a luminous layer 5, and p type 
layer is enough, luminous efficiency may be able to be improved by Lycium 
chinense in a non dope layer or a low concentration dope layer between a 
luminous layer, n type layer, and/or p type layer. In the case of drawing 1 , layers 
4 and 6 correspond to this. 

[0015] In the 3-5 group compound semiconductor for light emitting devices of 
this invention, in order to confine a charge in a luminous layer efficiently, the 
band gap of two layers which touch a luminous layer is characterized by being 
larger than the band gap of a luminous layer, and it is desirable that it is 
specifically large 0.1 eV or more. It is 0.3eV or more still more preferably. 
[0016] In drawing 1 , although there is one layer of p mold, you may be the 
laminated structure which consists of two or more layers from which the 
concentration of a dopant, the presentation ratio of 3 group element, etc. differ. 
However, in this laminated structure, since it is thought that the steep doping 
profile in a junction interface is obtained, when the closest to the layer of n mold, 
the effectiveness of this invention is remarkable [ the layer of p mold which 
doped p mold dopant which contains AIN in this invention in a mixed-crystal 
component ]. The thickness of the layer of p mold which doped p mold dopant in 
this invention has 30A or more desirable 5 micrometers or less. If the thickness 
of this layer is smaller than 30A, the effectiveness of this invention is not 
remarkable, and it takes [ growth ] time amount and is not practical if larger than 
5 micrometers. Furthermore, the range of 100A or more 3 micrometers or less of 
desirable thickness is 200A or more 1 micrometer or less especially preferably. 
[0017] As a luminous layer used for the 3-5 group compound semiconductor for 
light emitting devices of this invention, the 3-5 group compound semiconductor 
expressed with Inx Gay Alz N (however, x+y+z=1 , 0<=x<=1 , 0<=y<=1 , 0<=z<=1) 
is useful. When the thing containing aluminum tends to incorporate impurities, 
such as oxygen, and it uses as a luminous layer, luminous efficiency may fall. In 
such a case, it is desirable to use what is expressed with the general formula 
(however, x+y=1 , 0<=x<=1 , 0<=y<=1) Inx Gay N which does not contain 
aluminum as a luminous layer. Also in the luminous layer which consists of a 3-5 
group compound semiconductor expressed with the general formula Inx Gay N 
which does not include Above aluminum, since a band gap is made to a visible 
region, 10% or more of thing has a useful InN mixed-crystal ratio for especially a 
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display application. Moreover, since a band gap is made by less than 10% of 
thing to an ultraviolet-rays field, an InN mixed-crystal ratio is useful for especially 
an ultraviolet-rays light emitting device application. 

[0018] The lattice constant of this compound semiconductor changes with 
presentations a lot. The lattice constant of InN is especially larger than about 
12% or it to GaN or AIN. For this reason, depending on the presentation of each 
class of this compound semiconductor, a big difference may arise in the lattice 
constant between layers. When there is big grid mismatching, it becomes the 
cause by which a defect may arise into a crystal and crystal quality is reduced. In 
order to suppress generating of the defect by grid mismatching, according to the 
magnitude of distortion by grid mismatching, thickness of a layer must be made 
small. It depends for the range of desirable thickness on the magnitude of 
distortion. 

[0019] When carrying out the laminating of the 3-5 group compound 
semiconductor expressed with Inx Gay Alz N (however, x+y+z=1, 0.1<=x<=1, 
0<=y<l, 0<=z<1) on the 3-5 group compound semiconductor expressed with 
Gay Alz N (however, y+z=1 , 0<=y<=1 , 0<=z<=1), the thickness with the 
desirable layer containing In is 5A or more 500A or less, and is 5A or more 90A 
or less still more preferably. . Luminous efficiency becomes less enough when 
the thickness of the layer containing In is smaller than 5A. When larger than 
500A, a defect occurs and luminous efficiency becomes moreover, too enough 
less. Furthermore, the range of desirable thickness is 5A or more 90A or less. 
[0020] Moreover, by making thickness of a luminous layer small, since a charge 
can be confined in a luminous layer at high density, luminous efficiency can be 
raised. For this reason, even when the difference of a lattice constant is smaller 
than the above-mentioned example, the desirable thickness of a luminous layer 
is 5A or more 500A or less, and is 5A or more 90A or less still more preferably. 
Luminous efficiency becomes less enough when the thickness of a luminous 
layer is smaller than 5A. When larger than 500A, luminous efficiency becomes 
moreover, too enough less. A luminous layer may be a layer which consists of 
two or more layers which function as a luminous layer. As an example as which 
the layer which consists of two or more layers concretely functions as a luminous 
layer, the structure where the laminating of the two or more luminous layers is 
carried out to the layer with a larger band gap than this is mentioned. 
[0021] A luminous layer can be made to emit light on wavelength which is 
different from the band gap of a luminous layer with doping an impurity. Since 
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this is luminescence from an impurity, it is called impurity luminescence. In 
impurity luminescence, luminescence wavelength is decided with the 
presentation of 3 group element of a luminous layer, and an impurity element. In 
this case, 5% or more of the InN mixed-crystal ratio of a luminous layer is 
desirable. When an InN mixed-crystal ratio is smaller than 5%, most light which 
emits light is ultraviolet rays, and cannot sense sufficient brightness. 
Luminescence wavelength becomes long as an InN mixed-crystal ratio is 
increased, and luminescence wavelength can be adjusted from purple to blue 
and green. As an impurity suitable for impurity luminescence, 2 group element is 
desirable. In 2 group element, when Mg, Zn, and Cd are doped, since luminous 
efficiency is high, it is suitable. Especially Zn is desirable. As for the 
concentration of these elements, 1018-1022cm-3 are desirable. A luminous 
layer may dope Si or germanium to coincidence with these 2 group elements. Si 
and the desirable density range of germanium are 1018-1022cm-3. 
[0022] In impurity luminescence, it is difficult for an emission spectrum to 
become broadcloth generally, and to have luminescence properties which are 
not desirable -- an emission spectrum shifts as the amount of impregnation 
charges increases, or the peak of band edge luminescence appears - and to 
make luminous efficiency high. For this reason, it is more advantageous to use 
luminescence between bands, when it is required for the case where high color 
purity is required, or the narrow wavelength range to centralize luminescence 
power, or when the component of high luminous efficiency is required. In order 
to realize the light emitting device by luminescence between bands, the amount 
of the impurity contained in a luminous layer must be stopped low. About each 
element of Si, germanium, Mg, Cd, and Zn, three or less [ 1019cm - ] are [the 
concentration ] desirable still more desirable, and, specifically, all are three or 
less [ 1018cm -]. 

[0023] In luminescence between bands, the luminescent color is decided by the 
presentation of 3 group element of a luminous layer. When making light emit by 
the visible region, 10% or more of an InN mixed-crystal ratio is desirable. When 
an InN mixed-crystal ratio is smaller than 10%, most light which emits light is 
ultraviolet rays, and cannot sense sufficient brightness. Luminescence 
wavelength becomes long as an InN mixed-crystal ratio increases, and 
luminescence wavelength can be adjusted from purple to blue and green. 
[0024] When a luminous layer contains In, thermal stability is not enough and 
may cause degradation in the inside of crystal growth, or a semi-conductor 
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process. It is effective to form the protective layer which consists of a 3-5 group 
compound semiconductor expressed with Inx Gay Alz N (however, x+y+z=1 , 
0<=x<=1, 0<=y<=1, 0<=z<=1) in contact with this on a luminous layer for the 
purpose which prevents degradation of such a luminous layer. In order to give 
sufficient protection feature, 10% or less of the InN mixed-crystal ratio of a 
protective layer is desirable, and 5% or more of an AIN mixed-crystal ratio is 
desirable. Furthermore, an InN mixed-crystal ratio is [ an AIN mixed-crystal 
ratio ] 10% or more 5% or less preferably. 

[0025] As for the growth temperature of a protective layer, it is still more 
desirable to grow up at the temperature same [ it is the same as the growth 
temperature of a luminous layer, or / although it is desirable that it is lower than 
the growth temperature of a luminous layer ] in order to avoid the 
complicatedness of growth actuation as a luminous layer. Since a protection 
feature becomes less enough [ temperature higher than the growth temperature 
of a luminous layer ] as, it is not desirable. As for the conductivity of a protective 
layer, it is desirable from the field of electrical characteristics that it is p mold. 
However, by doping an impurity to high concentration, the crystallinity of a 
protective layer may fall and decline in luminous efficiency may be caused. In 
such a case, it is necessary to stop low the concentration of the impurity 
contained in a protective layer. The desirable high impurity concentration in a 
protective layer is three or less [ 1017cm - ] especially preferably three or less 
[ 1018cm - ] still more preferably three or less [ 1019cm - ]. The thickness of a 
protective layer has 10A or more desirable 1 micrometer or less. If the thickness 
of a protective layer is smaller than 10A, sufficient protective effect will not be 
acquired. Moreover, since luminous efficiency decreases in being larger than 1 
micrometer, it is 50A or more 5000A or less desirable still more preferably. 
[0026] 

[Example] Hereafter, although this invention is further explained to a detail 
based on an example, this invention is not limited to these. 
The 3-5 group compound semiconductor of the structure shown in drawing 1 by 
the example 1MOVPE method was produced, and the light emitting device was 
produced after this. The substrate carried out organic washing and used what 
carried out mirror polishing of the sapphire C side. Growth was based on the 
two-step grown method which uses a low-temperature growth buffer layer. At the 
substrate temperature of 550 degrees C, hydrogen was made into carrier gas, 
TMG and ammonia were supplied, and the buffer layer 2 of GaN of 500A of 
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thickness was formed. Next, substrate temperature was raised to 1 100 degrees 
C TMG ammonia, and silane gas were supplied on this buffer layer 2, 
1 x1 01 9/of n mold carrier concentration cm 3 and the GaN layer 3 of about 3 
micrometers of thickness which doped Si were grown up, TMG and ammon.a 
were supplied at the still more nearly same temperature, and 1500A grew the 
GaN layer 4 of a non dope. 

[00271 Next, substrate temperature was lowered to 785 degrees C, earner gas 
was changed to nitrogen, 4slm supply of TEG, TMI, and the ammonia was 
carried out 0 08 seem 0.04 seems, respectively, and the In0.3 Ga0.7 N layer 5 
which is a luminous layer was grown up for 70 seconds. Furthermore, at the 
same temperature, 4slm supply of TEG, TEA, and the ammonia was earned out 
0.008 seem 0.032 seems, respectively, and the Ga0.8 aluminum0.2 N layer 6 
which is a protective layer was grown up for 10 minutes. 
[0028] However, seem and slm are the units of a gaseous flow rate, 1sccm 
shows that the gas of the weight which occupies volume of one cc by reference 
condition per minute is flowing, and 1slm is 1000sccm(s). In addition, since the 
growth rate for which it asked on the same conditions about this two-layer 
thickness from the still longer In0.3 Ga0.7 N layer which carried out time amount 
growth and Ga0.8 aluminum0.2 N layer thickness is a part for part 30A/for 43A/, 
the thickness called for from the above-mentioned growth time amount .s 
calculable with 50A and 300A, respectively. 

[0029] Then, temperature was raised to 1 100 degrees C and 5000A grew Ga1-x 
Alx N which supplied TMG, TEA, Cp2 Mg, and ammonia, and doped Mg. The 
mixed-crystal ratio (x) of AIN calculated from the delivery late of TEA and TMG .s 
0 4% After taking out the 3-5 group compound semiconductor sample produced 
by the above from a fission reactor, 800 degrees C and 20-minute anneahng 
treatment were performed in nitrogen. In this way, the electrode was formed .n 
the obtained sample with the conventional method, and it was referred to as LED. 
aluminum was used as a nickel-Au alloy and an n electrode as a p electrode. 
When the current was passed to this LED in the forward direction, clear blue 
luminescence was shown. The effectiveness in 20mA was 2.2%. 
[0030] Instead of the mixed-crystal ratio of example 2AIN being 0.4%, . it 
removed having grown up Ga1-x Alx N which doped Mg made into 0.6 /o, LED 
was produced like the example 1 . When the current was passed to this, clear 
blue luminescence was accepted and the luminous efficiency in 20mA was 2.6 /o. 
[0031] Instead of the mixed-crystal ratio of example of comparison 1AIN be.ng 
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0.4%, if it removed having grown up the GaN layer which doped Mg which does 
not contain AIN, LED for a comparison was produced like the example 1 . 
Although blue luminescence was accepted when the current was passed to this, 
the luminous efficiency in 20mA was 1.5%. The forward current dependency of 
the luminous efficiency of the light emitting device of an example 2 and the 
example 1 of a comparison is shown in drawing 2 . Although, as for the sample 
produced according to the example 2, it turns out that luminous efficiency is 
improving by leaps and bounds in the low current region, this can be interpreted 
as the result to which the standup of p mold carrier concentration of the initial 
interface of growth became steep by using p layers containing the AIN mixed 
crystal of this invention. 
[0032] 

[Effect of the Invention] If p mold compound semiconductor layer with the AIN 
mixed-crystal ratio of the specific range of this invention is used, since the light 
emitting device brightness and whose luminous efficiency improved is 
producible, it is very useful and industrial value is large. 

[Translation done.] 
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©5^n®oetcafciai,ie*i. — n, Ga, a 

1 , N (fc/cb. x + y + z = 1 . 0 ^x ^ 1 , O^y 
gl. 0. OOOlizSO. 1 0) fS3n53-5 

f£ftS^fll3 - 5^b^»*W». 
[»*B3 ] »#Jl©JiflW*5 AfeLt5 0 0 AWTT* 
iCiiWai-Ti 1**31 1 X tt 2 ffitt©***^ JB 3 

[8**314 ] ^?fe)lK^in-5.S i , Ge, Mg. Zn 
RtfCd©&7c3R©ig&*H>mt> 1 x l O-'cm-'a 
T-tilt>ZCt*®WliL*Zn3mi. 2X«:3feiS©#6 
%M*m 3-5 fcHbt^^tt. 

[««3B 5 ] 1,2,3 Xtt 4 SE*S©#fc>fcJfS^8 

To 

[000 1 ] 

[»W©«-S-4fi*B»W3 *ai§tt3-5«?{b^«!¥» 
[0002] 

[«£*©«*] se*. «a©»*y^*-K axr> l 

EDtlE-rci ) tl/t-SJ^! n, Ga, A 
1 , N (tctcL. x+y+z=l, O^xSK O^y 
S 1 , OSzgl) taSliS 3 -5M^*#M 
ffll>/cfc©#fiJffl3*VCl,>£. 84t£4£MNM*ttiB:8ai 
^M-C*SCi*>6f6^**iiR^Ci. InNSStb 
(x©ffi) KJ:»)*te*6*. SSIiW8«l«*r©ift*r 

[000 3 ] |6*3R^CWftiiai»*«riea>S*ffii or, 
IBM** p Mi n S©^<*B©fffltci2a $ ft. 
*Jf ©MffiiRI&ftJIJ; 9 fc:rt:#&x*;U=F-*> ? 7"* 

wrs2o©e*sgiL.-c^sfltjs, ^t>*j>z>#7>\>^?- 
a m m>mK>nm » p m n sn ©maiffMSttscf 

ifS B B B D D uK^6 A ft S. 1* p M©<bi^¥ 

•ftttpSF-'O h©t§tt{b**HEl>©-C. »3tSR^f- 
tt&ffl±!&B£3h£ 1 0 1 'cm- 3 «±©lSt^pS+ + 
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'JTi&SLZmZtdblC^ 1 0" cm-'W&JUZ-ZtiVl. 
±©^?Sg«:pMK-^> h£ F-7 r l/ttl?4"itXtt5& 

i fC<fc o r iAaXOfiTilS < /c. $ ft: , 

3£< . gfcCfte© Fw<> h©JHf4BfiRfi*S{Bt©S 
(Ett^iSC^Ji). g^-HBr-©^^ F-t>^05 
r W EST 5Ct«W>ofii, Cti6 OlitC J: 

fEH -T S C t * S £ t, » 5 MH*** o ft. 

[0 004] 

[«W3Wft?^L-J:^<frSSSS] 

^©Mt. f8^**i*»4C£*fiiJ*6itc3-5Si{b 

SlfeJBR^- *«#-r 4 C i &C & 4 . 
[0 0 0 5] 

[gSH£»S&r &/«:«>©*&] *^BM^a. Ch6© 
WB%*r 3 - SMt^itt^Ii^cSM+tco 
20 l»-C«**ttt©tt*. #5£©A 1 N*gHJ:b©p323-5 

[0 00 6] *MWIZ [ 1 ] pSffllMn 

ss©s**u BtftmummomtcwiMsti. fata© 
©Ji*sjgoras8iJiflii6%dtf»iiaR^-ffl3 - smt 

SVi^mmcto^X > fepl©!^, -jttsSIn, Ga 
, A 1 , N (tctcL. x + y+z = l. OixSl, 0 
gySl. 0. OOOl^z^O. 10) f«3n§3 
30 -5BHb^«j3£aK*T*»K ^pSF-a->F*5F- 
^8hT45C t*««iT-5»iaR^-J13 - 5«Hb& 
«MNW*tcfc.5t>©T?*£. *«53tt [2] pffl 

©■*?*«©»*6ft o . igft^©)!©^ ^ ns©iB.tq. 

«*>35UJB*5. — aS^In, Ga, A 1 , N (tctcL. 
x+.y+z = l, OSxSl, OSy^l, 0. 000 

i^z^o. i o) T«sn4 3 -smit&mz-mft-c 
$>z>zt*%mt?h [ i ] &momtm*m3 -5m 

<b^a*««jcc«5fc©r*s. Etc. [3] 

WE [ 1 ] Xtt [ 2 ] 8B«8©«*«^-ffl 3 - 5«l<b^ft 

40 m&tzm^tcc t&mmtrz&ftm+icmz 4>©r- 

[0 0 0 7 ] 

[*W©JI*S©JB»3 3-5iSi<bMl**#©«jft*S 
i*5^^ o ) wm^dmfSSSg CWT, MOVPE 

tittctfrbz* ) a. F7>f FaffliiSfi (jy 

T. HVPEtlS-rci3!)S$>-S>„ ) ffifti'*iiU6hT 
t^-S. CO^^MOVPEffiiB. ^lEX«^)ict'tcS 
^nfcS^^JjO^b-C, 3«ocSR*S«f*«afe)l<b^«J 

50 tbmytm^tsmm^mtm-cm^Lr. ss±-c 



(3) 
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[0008] mov p Emc£tt5m<o&%mi-m 3 

<}A [ (CH 3 ) 3 Ga, &TTMGtW?Ct&& 

] , h 'Jx^;U#V^A [ (C, H 5 ) 3 Ga, « 
TTEGiI2TCi^l)o ] ^CD-flSjSR, R 2 R 3 
Ga (CCtR, , R 2 , R 3 teffiifSTJU^S^ 10 
"To ) -ca^tl^ F »J7;W^»J-)A ; h'J^W 
ib^')A[(CH 3 ) 3 All, h ■JxW^^ 
[ (C 2 H s ) 3 A 1 , «TTE AiiB-TCi^^ 
] . h U ^ V^^T^^A [ ( i -C 
< H 9 ) 3 A 1 ] ^CD-flSS;R a R, R 3 A 1 (CCt 

R a , r 2 . r 3 temEoimmtmc-cfoz. ) -cst£ 

tlZ> h HT^+JUTJl'S ^A ; h'jy^^T^T^ 
> [ (CH 3 ) 3 N : A 1 H 3 ] ;h U^^;U^>^^7 
A [ (CH 3 ) 3 I n, tTFTM I £fSTC £&$> 
Z>o ] s h yx^;W>>^)A [ (C z H 5 ) 3 In] 20 
m<D— »SRi R, R 3 In (CCTR a , R 2 . R 3 

[0 0 0 9] ^tC, 5S5USf4iLr«, T>^7\ b 
F^>>>, ^^tF7^>, l v 1 -is J 9-)]/\c F^ 

[00 10] «E3-5J55{t^»*«<*«:mOiSpaF- 
^»ilt, Mg, Cd, Zn, Hg, B eHWW 

o< 9-$>-n>Mg#if?*tA\, Mg F-'*> hCDMf4<b 

y^a^>^i/x^7^^')A ( trx n - y'ut'Jl 

y^ao^^x^^7n^^5(D-fiS (RC 5 40 
H« ) 2 M g (CC-CR«*SRX«KSRttl|JLh4eiT 

©fi»r^*^»€:^r. ) -c«sh**r«£flHb^» 

[0011] »3-5M6«fil*K:ll»4niF- 

>F©IHf4iLrtt 1 ->7>(SiH 4 ) s f^>^> 
(Si 2 H 6 ) *£b b bJ£S«S1&£L 
Ttt, ^ 7 >f7, ZnO, G a A s , Si, SiC, 50 
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(Mg A 1 2 0« ),NGO (NdGaO, ■) 

[0012] ^MliOAXX^ 3 - 5K{b£4S**{* 
OB«aS©W«:SI HCtSTo . J£IT\ H 1 ^ffll^rift^T 

F*> ^^*WTS2o(D«*sSLra:4fl|jg, l> 

[0 0 1 3 ] *»l9tc*JC»r, pSOi7^, -8SSI 
n„ Ga v A 1 , N (tctcL. x + y + z = 1, 0^x 

^ i , o^y^i, o. oooi^z^o. io) x~m 
F**F-^stirtt&ci«:«F«i-r*. cntc^o, 
& e ctittA 1 N*iBfti5R»K:Ati, ^o^cofffijig 

Sin, Ga v A 1 f N (tctcL, x+y+z= 1 % 0 
^x^l, O^y^l, 0. OOOl^z^O. 10) 
-C*3tl4 3-5lSi^b^«!¥z»f*K:*5C^. 0. 00 0 
l^z^O. lOT^^Ci^, A 1 Nfflfitb*S0. 0 
l%tt±10%6tTiETC<!:M5 e x.-yOffitCO 
C^rfc, H*CCL-C**l*tl I nNSSibv GaNSS 
tbCD^3KT?iBTC<b^*S. 
[ 0 0 1 4 ] A 1 NffiSJ:b«»S L < ttO . 0 5 %«± 
5%«T, ■J|CC»*L<«0. l°/oK±3%ttm 

4o a l NfiBtb^o. o i%*ssr«. &mw<D$hm 
Htfticmzc £&-e S/c, A 1 NSBtb^i 
o%^a^^>i, ^>F^^^^^c#<tt-?r*ii* 

L < ttc». ^RIBOft**^ 3-5 UHb^tt^WttCC 

nS(DJ13«rflcSL, *©±*CC5fe«:» 5 , Sfc&Cffcfc 
■0±*tCpS»7*J5Rfi-r4Ct3&s»ftb^. LED 

©rate y > F - 7'JBXttfi«K F - 7*«£*5 < C <h tc J: 

[0015] *»wcD«**^ffl 3-5 mn&fymmi* 

tt, ft*»CC«-TS 2-o©BCD^O F+> ^ ^ttJBfiJi 
<«0. 3 eVtU:-C*5. 



5 

[00l8]Him pl©l«HT*^ t F — 
'OKDiftfi. 3^JR©3fiJ5JEJ:k**satt5>a»©»^ 

&A 1 N^SB H a^CC^t?pMK-^->h^ F-7'O/c 

*WtC*W4pSaF-^0 h£ F-^O/epSUDJBODH 
3 0 AJ£l_b5 /zm«T#»£tA». RJ|0JIJ*# 

&c#* lA>»«<oa5B«* 1 0 0 AW±3 /i m«T> «f 
CC$?£ KU2 00 AJ£Lh 1 ju m&CF-C1b2>o 

[ooi7] *Bm&9&aii=Fm3- smt&&mtt 

tCffll»6tlS**JliU"Ctt 1 In, Ga v Al t N 
(tctcL, x+y+z = l, 0£x£l. 0£y£l, 
0^z^l)-e^$tl63-5 Bg^t^«J*a»ft*s*fflr 
A 1 tfttrfcOttM^O^FWWSrBlOii*-*'"*- 

C<D<fc 5 #£7tJI<L UTteA 1 

^-8SSIn x G a v N (/c/cl, x+y=l, 0^ 

x^l, 0 ^ 1 ) x*mzti2>t><Dimm?z>c±& 

-LISA 1 ***tfcl>— tt^I n, Ga v NT 
fe. I nNjB«Jt*«l 0%yLk<Db<D\t. y 
I nNfifilttf 1 0 F*> ? 

[0018] «f b^«^f*©tt*Stttt^ SBfiECtJ: 0 
A# < »fcT&. W«: I n NO»-f-3£ttttG a NX^A 
1 N^LT^jl 2%X«*ft«±*:*C>., C<Dtc&>. 

mt£W¥mw<D&m<Dmmcj:->Tte. mtmt<om 

[0019] Ga v A 1 1 N (tctcb, y + z = 1 . 0 

f*±0C In, Ga v A 1 , N (/c/cL, x + y + z = 
1, 0. l^x^K 0^y<l, 0^z<l) 
■*l*3-5lRffc*«J*»»«r8IJir4»*, I n 4*t? 
Jl©»*l/l»»Stt5 A^±5.0 0 A«T-C*0. Mtc 
» * l< tt 5 A«± 9 0 AOT"C*5. In^i 

cDJi$^5ActD/h$uig^ R*»**%»-ea<a 
a5AHi9 0A«m^ 
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[0 02 0 ] *fc, *3t)BO»W*^3<-r4Cir, 

»OSI#±IB©«J:*)*>/hSlr»«l*-C*>, «36»©»* 
U>ff3tt5A&±5 0 0A«TT*0, M&C$?£L< 
tt5A«±9 0AtlTr*5 o »*llO«S*S5AJ:0 

«is»»*gs»-c«c<a4. */c5ooa 

> f*> 9^ r ©**cijii8ui3nrt>saij6^we» 
[oo2i] jwenecqFUtttF-^-rsct-c, 

I nNjSAJ:k«5%Jm±3&s»*L/l». InNiE 

. «-c*>3, ^awss*i«c*ci3ftsr#tttr^ in 

:?WBl±LTtt. '2«otJR**»* 2i£73ft<D&*P 
rtt; Mg k Zn, Cd* F-r/l/W*^ 9&&timifi 

*<Di*Ktt, 10 ,s -10 n cm- 3 ^L^ o 
«Cti6(D2iR7aR<J:i fctCS i XttG e *B»SMc F- 

^Lrfe±c». si, Ge LiulftttHtt 1 0 18 

30 ^10 2l 'cm- 3 t*S o 

[0022] T-H^yt(Dm^. —mmytx^t? 

h;l^>:7 hUc^ ^>F««36©fcT-*^toti 

aawctt/o FB«t**iis-r**3W«r*«. ^* 

>FIH^tc<tS*3(HR^-5fcJ|3i-j-4fcabK:tt. 
tttfJKltt. Si, Ge. Mg, CdMZn©§7C»c 

[0 02 3 ] FW«*0»^, a*fttt»*JB0 3 
*5c*©lBi56T**4. nJ«»r«3te3#S*»£. In 
NiBSibt* 1 0 %fel±**f * L/Oc I n N«»Jtrt* 1 0 

so 3i>e>», ^isas-ctSo 



[0 0 2 4 ] I n *£irti^ *fcWtt3c5£«:*s 

aWO/cfe«:^3lc»o[)±«:, cmciit I n, Ga ¥ 
A 1 . N (fc/cU x + y + z = l v O^x^l, 0 ^ 
ySl, OizSl) r*Sh*3-5Kib««l*»# 

S«MB*fcfctt5fc«>K:tt, <£^Jf CD I n NflUUttt 1 
0 °/oHTWi Al NSAJttt 5 %&L±tiffi* L 
t>. JE«:»*Lf<»I nN«»Jt*S5«J!aT, AlNjg 10 

[0025] «sao^sas». AjWcDasaa^ 
fem»Mrttfiw»«#g^-c«t< ft&<D-c#£ u < 

*ui^tt«5«ft«. 1 o i9 cm- 3 aT, mic#f&i,< 

«1 0 18 cm- 3 «T, Wc#*L<ttl 0 17 cm- J HT 

fet±5 0 0 0 AfilTT**. 
[0 0 2 6 ] 

[«iM] HT, **«WWflK«^it8 30 

ccww-r £ **. tt c n e> ccike s n 4 tor « * 
HJfeflli 

.MOVPEStCj;^l «CS%r«JtO 3 - 5R{b£»¥ 

U TMGtT^^TSfl^ltillS 0'0A(DGa 
N©^-^7r-JB2«:JBlSEUft:. ^CCCSSjftK* 1 1 0 40 
0 D C$r±tf, »/<^7y-»2©±tC, TMG. T> 

/cni+t 'JT?£gl x l 0 15 /cm 3 , R/Hft3um 
©GaN»3*fl<;fiU MKIaJ CSKCCTTMG, T> 
*-T*«ftl/t, ^>K-^©GaN14*1500 
Aj&gL/c. 

[0 0 2 7 ] Jfcfc, StSfijg£7 8 5°C£TTtf, * + 
yr^tSBRtCjftjt, TEG, TMIM7>^7 
^nftlO. 04sccm, 0. 08sccm. 4s 
ImMir, ®£IBr*5Ino. s Ga,., N»5ft 50 
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7 0WSl/c e HJDfigtCTTEG, TEA 

RtfT>*~T£^ft^*lO. 0 3 2 seem. 0. 0 
0 8 s c cm, 4s 1 m^Ot, §BB8T*SGa 
... Al.., N«6*10»B«fiLfc. 
[0028] fc/a, sccmSUslmttSftCDitt 
<D#{iT\ lsccmttl^ateOWttiTlccflD 

iMtAfe&Mo^Wawawiri^sct^iy. Is 

lmB1 0 00 sccmr$>^ 6 ftfc CCD 2 JfODBiltC 
HL-Ctt, p|— ©afefrTHK*li«FlBJsR*3*te In., 
a Ga 0 . 7 NI, Ga... Al,., NJB<DJ*S*p63£«> 
/cJ&giIg*U 3 A/». 3 0 A/#T*£>£<DT\ ±ie 
liS*«™^6^»6>nS»»tt*ti*ti5 OA, 30 0 

[0 0 2 9 ] C©«, 1 1 0 0*C*T±W\ TM 

G s TEA, Cp 2 Mg v RCXT>*-7«:«lftl/TM 
g^F-^UcGa,., Al, N^tBOOOAjSSU 
tc B TEAiTMGO«|&Jt*63W>fcA 1 NOfiSJt 

(x) tt. 0. a±tC<fc«5fP«Ofc3-5 

^b^^ftim^j^^vemo mo/co^ , 

*-C8 0 0°C, 2 0»7--;W6I«:*Lfc < CHt 
f#fcW»Cc«aK:J:t)«i«:JBfiRO. LEDiL/c„ p 
ililTNi-Au^ nSfiiltAlSfflti 
/to C(DLEDtCjlB^tc««4Sau/c<tC5. QJHRtt 
WfeffcftifcTjsl/fc. 2 0mATO»$tt2. 2%r**o 
fc. 

[0 0 3 0 ] Slte0l2 

AlNOa*tb*S0. 4^(D*to0tC 1 0. 3%tLtc 
Mg^F-^UcGa,., Al, NMSUcCi^i 

[0031] ittm i 

A 1 N<DSIIJ:b#0. 4 Dfc, A 1 N£^gft 

?Ufe0!Il i|3«tCL-r. tt«m>LED*ft*l,fc. C 

2 0mAt©^$«l. 5%"C*o/c 0 132 CC, H 
S&#d2 &Jt«W 1 OI%3t*^0*^m©IIIB^ffi]*«tfc 

?W4*5vr. *tt«2oc<fc- 3 rff»LfcK*4tt, i&nm 

cn«, ##HB<DA 1 NtSa«r^<tfpJB*ffl^SC<fc 
JCj:«5J3tSfiJ»JSffi<DpS*i* »JT?SffiCDAl^±^0^ 

[0 0 3 2 ] 

[awoa&sj ^m<o. mm<Dmw<DA 1 Nsatb* 

[HMcDffi^ft^] 

[B 1 3 1 CcHto3»#3R.?-ffl3 - 5JR 



(6) 



-64419 



10 



[02] mmm 2 1 tmm 1 o^ytm^-o, mm 4 y > k - 

1 ' 7 pMcdH 

2 ^*?:7t-H * 



[HI ] 



ti2] 
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